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ABSTRACT 

The combination of transverse momentum and polarization effects in hard 
scattering processes, e.g polarized deep-inelastic leptoproduction, results in 
a rich variety of information on the hadronic structure. This information is 
encoded in a correspondingly large number of functions depending on both, 
longitudinal fractional momenta x and transverse momenta pT- Integration 
over transverse momenta establishes the connection to the usual distribution 
and fragmentation functions. Constraints from hermiticity and invariance un- 
der parity operation induce some relations between different functions. 
One specific aspect of the information on the hadronic structure is the appear- 
ance of time reversal odd fragmentation functions due to the non-applicability 
of time-reversal invariance for the hadronization of a quark. T-odd fragmen- 
tation functions are experimentally accessible via the measurement of, for 
instance, asymmetries in semi-inclusive leptoproduction. 

The basic ingredient of the diagrammatic approach 
to hard scattering processes [1] is the assumption that 
the hadronic tensor factorizes in hard and soft parts 
separated by different powers of a hard scale Q. The 
information on the hadronic structure is encoded in 
hadronic matrix elements of quark (and, in general, 
gluon) fields, conveniently parametrized in distribu- 
tion (DF) and fragmentation functions (FF). The 
leading contributions to 1-particle inclusive leptopro- 
duction from the 'handbag' diagram (Fig.l) involve Figure 1: Diagram of the leading 

conributions to 1-particle inclusive 
leptoproduction. 
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for the distribution of quarks in the target hadron (with momentum P and spin vector 
S) and 
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describing the decay of a quark, thereby, amongst others producing the one observed 
hadron in the final state (characterized by and Sh). Both objects, $ and A, are 
hermitian and reveal symmetries under discrete transformations: both are parity in- 
variant, whereas only $ is invariant under time reversal, as well. The time reversal 
operation relates m-states to out-states and thus A has no simple symmetry properties 
under this operation. The most general ansatz for the quark-quark correlation function 
A(A;; P/j, Sh) consistent with the hermiticity properties of the field and invariance under 
parity operation is {k is the momentum of the quark) [2] 
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Hermiticity requires all the coefficient functions Bi to be real. The additional constraint 
of time reversal invariance, if applicable, would imply Bi* — —B^ for S4, B^, and B12. 
In this sense, those coefficient functions are refered to as time reversal odd (or, in short, 
T-odd). 

The object appearing in the diagrammatic expansion is the /c "''-integrated hadronic ma- 
trix element, conventionally, parametrized in terms of generalized FF's (up to 0{1/Q)) 
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The generalized FF's depend on the longitudinal momentum fraction z and on the trans- 
verse momentum and consist of (integrated) linear combinations of the coefficient 
functions Bi. Since, there are more FF's — 21 up to 0{1/Q) — than the 12 indepen- 
dent coefficient functions Pj, a number of relations is expected. Indeed, exploiting the 
connection between the FF's and the B^ leads to nine relations. Focussing here on the 
seven T-ocJd functions D^j,, H^-, Dj;, Dt, -El, Et and H there are four relations between 
them 
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Here, the upper index (1) denotes the first moment in k^^. The relations follow directly 
from the hermiticity properties of the fields and parity reversal invariance; the RHS's of 
(0)' (0)' ^^'-^ ® assume not too singular end-point behaviour. 

One particularly important example for the occurence of T-odd FF's is the differen- 
tial cross section for unpolarized electrons scattering off a transversely polarized target 
provided the transverse momentum of the produced hadron is measured [3,4] . 
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with I (h ■ Pt)/-D = / d'^pT d^kx (5^(pt + Qt — ky) (h ■ pr) /(x, pr)-D(2;, k^). 
Eq. (P) contains two sine functions depending on different combinations of the azimuthal 
angles 0^ and (ph of the target spin vector and the momentum of the produced hadron, 
respectively. The asymmetry caused by the first term is known as the 'Collins effect' 
[3]. Both azimuthal asymmetries are of leading order in an expansion in powers of 
1/Q. Leading order asymmetries involving T-odd FF's are possible only in experimental 
quantities sensitive to transverse momentum (for a more detailed discussion on the role 
of transverse momentum in deep- inelastic processes see [5]). 

Another example of observables involving time reversal odd fragmentation functions is 
the number asymmetry of produced hadrons in the scattering of unpolarized leptons off 
a transversely polarized target. 
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Using Eq.(|^ the occuring linear combination of T-odd FF's, H{z) + 2zHi^^^' 
simplified to the form z-f- z 
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[z) can be 

This is a typical example for the usefulness of 
the relations (|), (|),(0) and (g). 
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